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Abstract  
 Cardiovascular disease is the cause for a large portion of the mortalities in the 
United States. Furthermore, Kentucky has one of the highest heart disease mortality rates 
out of all 50 U.S. States. This study hypothesized that heart disease mortality in Kentucky 
counties has a positive relationship with lack of accessibility to healthcare. Furthermore, 
this ecological study hypothesized that because there is no available usual source of a 
healthcare providers and ultimately a lack of accessibility to receive 
diagnostic/preventative services for this population, the high rate of cardiovascular disease 
mortality in Kentucky is dependent on access to healthcare services.  
 This study examined various other factors that may also have an impact on heart 
disease mortality such as lifestyle factors and sociodemographic factors. Obesity, smoking, 
and hypertension are known to contribute to heart disease mortality and were held constant 
in this analysis. Sociodemographic factors such as household income, age, gender, and race 
were also held constant as independent variables in a regression analysis.  
 Data collected from the U.S. Census Bureau as well as the CDC were used to 
conduct a multivariate regression analysis. This analysis was performed to determine 
significance and examine the relationship of healthcare access to heart disease mortality. 
Although significance was not found between the two main variables of interest, this study 
affirmed what previous research has found which is that smoking, obesity, and old age are 
positively correlated with cardiovascular disease. Future researchers may look to determine 
significance by examining the insurance status of those who have heart disease and 
following up with them regarding their insurance status and usual source to ultimately see 
what preventative services were performed. 
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Introduction 
 
 According to the Cabinet for Health and Family Services, Kentucky is ranked 8th 
of all 50 states for having the highest rates of ‘all-cause’ cardiovascular disease mortality. 
This statistic alone may make some initially wonder why certain states have higher rates 
of all-cause heart disease mortality than others. Providing accessible and equitable 
primary care healthcare services for those who may be at risk for developing 
cardiovascular diseases may seem to be an important factor in the prevention of 
cardiovascular diseases as a whole (CHFS et al., 2007). Potential and future 
programs/policies that would be implemented to help treat, educate, and diagnose 
patients in the disease’s early stages could eventually reduce morbidity, mortality, and 
overall healthcare expenditure on cardiovascular services. This study aimed to determine 
if there was a positive relationship between access to healthcare services and heart 
disease mortality throughout the state of Kentucky from 2012-2014. Furthermore, this 
study hypothesized that those who lack access to healthcare services are more likely to 
die from cardiovascular disease. Significance found in this study may be used as evidence 
of the positive relationship between the two variables and may be used as evidence to 
politicians, physicians, healthcare administrators, and others working in healthcare to 
modify or implement meaningful laws and policies. These policies may include changes 
to primary care so the government can provide affordable preventative services and, 
ideally, lower the overall rate of heart disease morbidity/mortality for the residents of 
Kentucky.  
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 State public health agencies spend less than 3% of their budget on stroke and 
heart disease prevention programs. (CDC action plan et al., 2003). If research was able to 
show that there is a positive relationship between heart disease mortality and access to 
primary care services, it could potentially draw support in grants and other funding from 
local, state, and federal governments. If patients are able to have relatively easy access to 
see a primary care physician or nurse and receive the necessary diagnostics when they 
feel the need to see a provider, then these healthcare providers would potentially be able 
to give their patients timely treatment with medications and instructions for continuity of 
care. A usual source of care is defined as a regular provider to see when a person is ill or 
needs medical attention. A usual source of care can provide basic preventative/diagnostic 
services for individuals who are insured, underinsured, or uninsured patients and can 
monitor their health to ultimately improve their cardiovascular health. 
 
 Approximately 73% of uninsured adults has a usual source of care, whereas 95% 
of individuals who had health insurance had a usual source of care (Berenson et al., 
2012). Approximately 63% of uninsured adults stated that they forewent medical care 
due to cost related issues, compared to the 33% of insured adults who forewent medical 
care due to cost (Berenson et al., 2012). These national statistics account for a variety of 
patients with different diagnoses and diseases, but some of them have cardiovascular 
problems. This is inferred since mortality rates due to cardiovascular disease in the 
United States are relatively high. By examining those who have not been able to see a 
healthcare provider when needed, we infer that these individuals lack timely ability to be 
seen or may lack a usual source of care.  
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 More specifically, this study analyzed the relationship between access to 
healthcare services (the percentage of those who needed to but were not able to see a 
healthcare provider in the last year) and heart disease mortality in Kentucky counties. 
Because this study examined data by county, it would be classified as an ecological 
study. This study examined the average data of counties in Kentucky from 2012-2014.  
Through various analyses, this study also examined average sociodemographic and 
lifestyle factors in Kentucky counties to compare and contrast their relationships.  
 
 Differences in lifestyle habits and genetic predispositions can make a significant 
contribution on the prognosis and emergence of heart disease in individuals. Men have a 
higher heart disease mortality rate than woman in Kentucky (CHFS et al., 2007). What 
could account for these differences in disease between gender? Is the high rate of 
mortality due to hereditary factors or could it be other contributing factors that lead to 
increased heart disease mortality among this population? In Kentucky, African-
Americans displayed the highest rate of heart disease mortality, which is intriguing 
because the majority of the population of Kentucky is Caucasian. Similarly, those people 
who are generally in middle to elderly ages are more likely to be diagnosed and possibly 
die from heart disease (CHFS et al., 2007). Other independent variables were included to 
be certain that any and all factors that may relate to cardiovascular disease mortality were 
accounted for and taken into consideration. 
  
 It is key to create a distinction that several of these lifestyle factors are modifiable 
whereas some of the risk factors for cardiovascular diseases cannot be changed (non-
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modifiable). Lifestyle risk factors such as: diet, physical activity, and smoking may be 
modifiable risk factors. Non-modifiable risk factors are: age, gender, family history of 
heart diseases, and ethnicity/race. All of the previously mentioned risk factors have been 
shown to have an impact on the onset and cause of eventual death from heart disease. 
Although it is difficult to prove causality for such complicated diseases (all-cause 
cardiovascular disease) through county averages and relatively little variation between 
them, this study strives to reinforce currently existing research while providing 
potentially insightful information on the access to healthcare in the state of Kentucky, 
from 2012-2014.  
  
 In 1996, Devoe and colleagues performed a cross sectional study with the 
Medical Expenditure Panel Survey and examined various population’s insurance status 
and their usual source of care (DeVoe et al., 2003). The study found that the Caucasian 
population has a smaller percentage of uninsured people relative to African-American 
and Latino populations in the United States. They also found that adults who graduated 
from high school or adults with higher incomes were more likely to be insured and also 
have a usual source of care.  People who were covered by health insurance and had a 
usual source of care were more likely to seek out preventative services and had one or 
more of the following preventative services performed in the last year: blood pressure 
checks, cholesterol levels measured, physical examinations, and other preventative 
services (DeVoe et al., 2003). 
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Smoking 
 Research has been done to show that tobacco use has harmful effects on the 
body’s organs. In 2012, Kim and colleagues performed a systematic review of the 
literature on how having a usual source of care impacts chronic disease control (Kim et 
al., 2012). Smoking cigarettes or using tobacco can damage the lining of blood vessels, 
increase fatty deposits, raise LDL cholesterol, and reduce HDL cholesterol levels. 
Nicotine, the addictive ingredient in cigarettes, increases heart rate and blood pressure 
which can eventually strain the heart and other organs in the body. Women who smoke 
are at a higher risk of having a myocardial infarction than men. Men would have to 
smoke more the increase their risk to the same amount as women, simply because of the 
differences in body size. In addition, some smokers possess a certain distinctive gene that 
increases their risk of developing coronary artery disease by up to four times (Kim et al., 
2012). Smoking is known to be a risk factor for cardiovascular diseases and has a strong 
relationship with heart disease mortality. Having a usual source of care has a positive 
relationship with improved control of illness and morbidity through preventative services. 
Hypertension, diabetes, and hypocholesteremia management can all be improved with a 
usual source of care and can reduce the morbidity and mortality (Spatz et al., 2010). 
 
 
Obesity 
 An article written by Grundy and colleagues in the Journal of Clinical 
Endocrinology and Metabolism examined the relationship of obesity to metabolic 
syndrome. Grundy also examined metabolic syndrome’s relationship with atherosclerotic 
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cardiovascular disease (Grundy et al., 2004). The article stated that individuals who are 
obese are at greater risk to develop hypertension, diabetes, and atherosclerosis. 
Individuals with a large amount of intra-abdominal visceral fat are in danger because it 
greatly effects the way the body’s metabolism and other organs function. Obesity can 
also cause insulin processes to be disrupted which may lead to the onset of diabetes 
(Grundy et al., 2004). Often obesity, atherosclerotic cardiovascular disease, and diabetes 
accompany each other. Obesity leads to increased waist circumference, high triglyceride 
levels, reduced HDL cholesterol, high blood pressure, and elevated glucose. Obese 
individuals can not only be diagnosed with various forms of heart disease, but many other 
chronic diseases that can greatly affect an individual’s health (Grundy et al., 2004). 
 
Hypertension 
 According to the World Health Organization, there will be approximately 1.56 
billion adults with hypertension globally by 2025 (WHO et al., 2017). From 2005-2008, 
approximately 31% of U.S. adults had hypertension. Hypertension is the most important 
risk factor for stroke and certainly increases the risk for coronary artery disease (United 
Health Foundation et al., 2015). The stress of hypertension on the blood vessels causes 
them to weaken over time. As a result of the deterioration of these vessels, patients may 
develop atherosclerosis and/or rupture arteries that may result in an aneurism. 
Hypertension may play a normal role in aging but also may be a modifiable risk factor. 
Changes in lifestyle habits which include low-sodium diets, physical activity, and 
maintaining a healthy weight can reduce the risk of cardiovascular diseases (United 
Health Foundation et al., 2015). Individuals who do not have a usual source of care, are 
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underinsured, or uninsured are less likely to have consistent hypertensive screening and 
treatment. Preventative screenings would potentially decrease the risk of developing 
hypertensive disorders. Therefore, the risk of stroke and cardiovascular disease may 
eventually decrease, as well (Moy et al., 1995). Only 12% of adults who were uninsured 
were receiving treatment for controlling blood pressure, whereas 86% of insured adults 
were receiving treatments for controlling their blood pressure (CDC et al. 2011). 
 
Binge Drinking 
 Alcohol consumption in relatively low amounts has been shown to have a 
cardioprotective effect, more specifically, alcohol has been shown to increase HDL 
cholesterol, reduce inflammation of tissues, and lower the risk of blood clots. Moderate 
drinking has also been shown to have a cardioprotective effect and this protective amount 
of alcohol being consumed varies between individuals due to body size, metabolism, and 
other factors. However, heavy consumption of alcohol has been shown to have negative 
effects on the cardiovascular system. The early onset of atrial fibrillation and sudden 
death syndrome have been associated with excessive consumption of alcohol. (Murray et 
al., 2002). 
 
Costs of Heart Disease 
 There is a significant amount of medical expenditure that is allocated to the 
treatment of heart disease (CHFS et al., 2007). In 2007 alone, the total cost of 
cardiovascular disease related medical services exceeded $277 billion in the U.S. In 
2005, inpatient hospitalizations due to heart disease-related diagnoses were 
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approximately $1.8 billion in Kentucky. In 2010, that cost of inpatient hospitalizations 
nearly doubled to $3.2 billion. In 2010, 15% of all hospitalizations were due to a 
cardiovascular disease related diagnosis (CHFS et al., 2007). It is evident that reduction 
in healthcare spending in Kentucky from heart disease-related costs would drastically 
improve efficiency in its healthcare economics. Heart disease is the second greatest cause 
of death in Kentucky (CHFS et al., 2007). With an upstream and preventive approach 
towards underinsured/uninsured populations, more effective health care policies should 
be implemented to help patients receive necessary care which could eventually lower the 
rate of heart disease. 
 
 As previously mentioned, cardiovascular disease is one of the leading causes of 
mortality and morbidity in the U.S. A cross-sectional study in two Latino communities 
studied whether access to health care is associated with four cardiovascular disease 
prevention factors in the Latino population of Los Angeles (Alcala et al., 2015). 1,381 
households were selected in two different neighborhoods whose demographics were 
primarily made up of lower income, young, Latino men and women. Their samples were 
eventually filtered to yield individuals with data for all variables of interest. The four 
outcome factors in the study were: health care utilization, cardiovascular risk screening, 
information received from health care professionals, and health lifestyle behaviors. The 
predictor, or independent variable, was access to health care which was measured as 
insurance status. The sociodemographic variables included were: age, sex, years of 
education, nativity status, and language spoken at home. The researchers used multiple 
logistic regression analyses to estimate odds ratios for the prevention factors for both 
 13 
insurance status and usual source of care while controlling for demographics. A separate 
model included both insurance status and usual source of care in the same model. In the 
fourth model, variables included: CVD risk/disease, the interaction between 
cardiovascular risk and insurance status, and the interaction between cardiovascular risk 
disease and having a usual source of care. The results of the study showed that those with 
insurance had 4.23 times the odds of utilizing healthcare. Also, being insured was 
associated with a 1.63 times increase in odds of talking about exercise with a healthcare 
professional. Participants who reported having a regular source of care had significantly 
greater odds of timely screenings of both blood pressure and cholesterol. Having a 
regular source of care was associated with increased odds of discussing weight, diet, and 
exercise with a health care professional. The findings suggest that insurance coverage 
alone has a limited effect on cardiovascular disease prevention, when compared with 
having a usual source of care. In this sample population, the study suggests that having a 
usual source of care is more common than being insured, so this population may be 
relying on other sources of care like: free clinics, urgent clinics, emergency departments, 
or other forms of immediate health care services (Alcala et al., 2015).   
  
 As mentioned in the previous study, health insurance coverage alone is not 
enough to stave off cardiovascular disease. Another study conducted by the National 
Health and Nutrition Examination Survey aimed to analyze the association between 
having a usual source of care and receiving medication treatment for hypertension and 
hypercholesterolemia. This study used a multivariable logistic regression model to 
determine the independent effect of usual source of care on receiving treatment for 
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hypertension and hypercholesterolemia. The study controlled for age, sex, ethnicity, 
insurance status, and comorbidities (Spatz et al., 2010). This study used separate 
multivariable models that were stratified by insurance status. Among the participants who 
had an indication for treatment of hypertension and hypercholesterolemia, 32.4% and 
42.0% were not medically treated. Adults without a usual source of care were more likely 
to be untreated for hypertension and hypercholesterolemia than adults who did have a 
usual source of care. The study concluded that absence of a usual source of care 
correlated positively with being untreated for hypertension and hypercholesterolemia, 
even among those who had insurance (Spatz et al., 2010). The results imply that 
improving chronic disease conditions, specifically cardiovascular disease, will be done by 
taking measures to create policies that will improve access for patients to have a usual 
source of care when needed. These researchers believed that insurance status does play a 
role in the effectiveness of care for cardiovascular disease however having a usual source 
of care makes them more likely to pursue medical treatment. When addressing chronic 
disease management, we must look through other avenues besides insurance coverage 
status to improve chronic illnesses (Spatz et al., 2010). 
  
 A third cross-sectional study was designed as an ‘unmixed ecological design’ and 
strived to test the association between the availability of primary care services and 
income disparities on various causes of morality throughout U.S. counties.  
  
 This study, by Leiyu and colleagues begins by analyzing data from 3,081 counties 
in 1990. The independent variables used in the regression were primary care resources, 
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income equality, and other sociodemographic variables. The overall results inferred that 
counties with a higher abundancy of primary care resources had a 2-3% lower mortality 
than those counties that had fewer primary care services available. The counties that had 
greater income disparities within the county showed a difference of 11-13% in mortality 
rates than those counties with less income disparities (Leiyu et al., 2011).  
  
 The authors concluded by pointing out the strong association between U.S. 
primary care systems and improved health outcome indicators. States that had higher 
primary care physician-to-population ratios had better health outcomes when 
sociodemographic variables were controlled for, as well. The study showed that 
geographic regions that had more family and primary care physicians had lower 
hospitalizations for conditions that could have been prevented with good/regular primary 
care visits.  
 
 Leiyu mentions that they chose U.S. counties because counties represent distinct 
political and geographic units, counties are an important unit of local decision making, 
and counties are used by health and social services organizations to plan and provide 
public health and other social programs (Leiyu et al., 2011).  
  
 During their analysis they tested the bivariate association between health 
outcomes and primary care, while also controlling for income inequality and 
sociodemographic covariates. They also followed by using the least squares regression 
method for multivariate analyses. The study acknowledged that using state-level data 
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would have reduced the “crossover” effect when measuring the availability of medical 
care and mortality. Another limitation was that primary care availability may not 
necessarily equate to good primary health care services. In this study, there was no 
outcome available for good primary care being delivered (Leiyu et al., 2011). 
 
 Cardiovascular disease morbidity and mortality are a significant public health 
threat to the United States. States like Kentucky, along with several other southern states 
have some of the highest cardiovascular disease mortality rates in the country. Having a 
usual source of care along with health insurance that cover primary care are imperative to 
receiving comprehensive preventative care for heart disease. This study analyzed the 
relationship between access to healthcare and heart disease mortality. Furthermore, 
research has indicated that several factors are relevant to cardiovascular disease mortality 
besides access, which this study analyzed as well. 
 
 
Methods 
 
 Secondary data analyses were performed using data extracted from the Behavioral 
Risk Factor Surveillance System (BRFSS et al., 2014) annual telephone survey 
conducted by the Center of Disease Control and Prevention and from the U.S. 
Government Census Bureau estimations (U.S. Census Bureau et al., 2010). Most of the 
data obtained were averaged from 2012-2014, however some variables only had data 
available within longer time frames e.g. 2010-2014.  For the purposes of this study, that 
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data was used to represent the years 2012-2014. It was therefore assumed that there were 
no changes in trends from the years outside of the range of years 2012-2014. Data that 
was available year by year were averaged and represented as a single percentage or 
number for each county. 
  
 A multiple regression analysis was used to examine the effect of the independent 
variable (predictor) on the dependent variable by using STATA-IC 15.0 statistical 
analysis software. For the purposes of this study, the independent variable was the 
percentage of those who needed healthcare services but could not receive it due to cost. 
The predictor variable is classified as a dichotomous categorical variable. This survey 
question asked the participants if there was a time in the last year when they needed to 
see a doctor but forwent the care due to cost. The dependent variable is the rate of heart 
disease mortality in all Kentucky counties. The dependent variable ‘Heart Disease 
Deaths’ is a quantitative variable and includes all causes of heart disease and includes 
cardiovascular causes of death from ICD-10: I00-I109, I11, I13, and I20-I51.  The other 
questions regarding lifestyle factors distributed by BRFSS i.e. smoking, hypertension, 
obesity, and binge drinking are dichotomous and ordinal variables.  
  
 There are a multitude of factors that may lead to heart disease and eventual death 
from all-cause cardiovascular disease, however there are certain lifestyle and 
sociodemographic factors that are correlated within the individuals who develop this 
chronic condition. Other variables were also included in the analysis and held constant to 
 18 
analyze the main variables of interest. The prevalence of hypertension, obesity, drinking, 
and smoking were also included in this analysis.  
  
 Hypertension was a dichotomous categorical variable and participants were asked 
whether or not a health care provider had ever told them that they had hypertension. 
Obesity was an ordinal categorical variable and participants who were categorized as 
obese had body mass index values above thirty. Drinking was a dichotomous categorical 
variable and participants were asked if they have five or more drinks when drinking. 
Smoking was also classified as a dichotomous categorical variable and participants were 
asked if they were current smokers. The data for these lifestyle variables were all 
collected by the CDC and are all county-level averages.  
  
 To examine other variables that may be related to the main variables of interest, 
other variables were included for purposes of creating descriptive analyses. The 
following sociodemographic variables were included in this study: average age, median 
income by household, gender, and race. High school education was not included to avoid 
multicollinearity within the regression model and median household income was included 
instead. Median household income and high school education have a positive correlation 
and income seemed to be more relevant to this particular study (Bureau of Labor, 2014). 
  
 The purpose of this study was to analyze and examine the effect that lack of 
access to a health care provider could have on heart disease mortality rates in Kentucky. 
This study analyzed the lack of access to healthcare services and is the main independent 
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variable of interest. This variable is used to infer that those who are not able to receive 
health care services when they are needed because of cost, would not have timely access 
to a primary care practitioner i.e. usual source of care for preventative services and 
diagnostics to maintain good health. This study hypothesized that there would be a 
significant relationship between how heart disease mortality is dependent on access to 
healthcare services in Kentucky. As mentioned, sociodemographic and lifestyle variables 
were controlled for throughout the study based on the factors that seemed to contribute 
most to cardiovascular disease mortality. Sociodemographic variables included: ages, 
gender, average household income, and race/ethnicity. Other variables that are of interest 
for this study included variables such as: smoking, obesity, and hypertension prevalence 
by county. These were all included because heart disease is believed to have modifiable 
and non-modifiable risk factors and were all used as control variables. The 
sociodemographic factors would relate more closely be classified as non-modifiable risk 
factors. Other lifestyle factors such as obesity, hypertension, and smoking status were 
modifiable risk factors that were included because they are known to have a significant 
impact on heart disease mortality, as well. Finally, these variables were imported to 
STATA from Excel where the regression was completed. Also, scatter plots were created 
to provide a descriptive point of view using a bivariate analysis between all of the 
variables that were included in this study.  
  
 A regression analysis was used because there is one main independent variable of 
interest (predictor variable), with other independent variables being controlled for. Using 
a multiple regression analysis allows us to properly control the covariates or covariables, 
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as well. Regression is used to give an average prediction of the effect of the independent 
variable on the dependent variable, which is all-cause heart disease mortality. 
Furthermore, the variation inflation factors were analyzed to address any 
multicollinearity and the variables that were found to have a high variance inflation factor 
were taken out of the regression until all of the variables included in the regression had a 
VIF<2.0. A series of five regressions were done in this analysis. Due to a combination of 
p-values, relevance to previous research, and variance inflation factors the regression was 
filtered to produce a table that showed significant values. After the first regression all 
race variables were removed and the regression was performed. The ‘Age 15-44’ 
category was also removed after the second regression because of its multicollinearity. 
The regression was performed again and income showed to have significant 
multicollinearity and was removed. In the fourth regression drinking showed a significant 
value but was removed because of its negative correlation with heart disease deaths and 
previous research. The final regression omitted the variables for Race, Ages 15-44, 
Income, and Drinking.  
 
 
Results 
  
 All variables described were included in the multiple regression analysis and their 
relationships were examined. Table 1 is a summary of the variables included in this 
study. 
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Table 1. Summary of Variables included in Regression 
 
 
  
 115 Kentucky counties have been included, and the few that were not included 
were omitted due to a lack of data availability. Kentucky on average, as a whole, has 
approximately 230 deaths due to heart disease mortality per 100,000 people during this 
time period and is still one of the states with the highest heart disease rates in the United 
States. Approximately 18% of Kentuckians during this time period were unable to access 
needed health care services due to cost as a barrier. Other important data that this table 
presents is the maximum number of those with hypertension e.g. 68% in Anderson 
county. Obesity’s maximum value also has is high with approximately 50% of Martin 
county being obese.  
 
 To analyze the relationship between the main variables of interest a bivariate 
analysis was done to examine the relationship between those who lack access to medical 
care and the adjusted heart disease mortality rate per 100,000 people. These variables 
were examined through the following scatter plot. 
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Figure 1. Lack Access due to Cost vs. Heart Disease Death Rate per 100,000 
 
Access to Healthcare vs. Heart Disease Mortality 
 
 
 
 
 
 Figure 1 shows a positive trend between the main variables of interest for this 
study. The average rate of those who are dying from heart disease by county and those 
who have not been able to get healthcare services when they needed them because of 
cost. Although there is not a large amount of variability from county-to-county, there is 
still a positive relationship. It may indicate that those counties that have a higher rate of 
heart disease mortality also have more difficulty accessing a health care provider when 
needed. The trends shown in this scatter plot may be random. 
 
 The results of the multi-regression analysis indicated significance in the 
relationship between heart disease mortality and some of the covariates, however the 
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analysis did show a lack of significance between the primary variables of interest. The 
following table described the data used for this analysis. 
 
 The correlation matrix in Table 2 provides some descriptive means of analyzing 
the data used in this study. Income as well as binge drinking have negative correlations 
with heart disease deaths. The moderately strong correlation between income and heart 
disease deaths suggests that the higher income one has, the less likely it is that they will 
die from heart disease.  
     
 
Table 2. Correlation Matrix of Main Variables of Interest 
 
 
 
  
 The moderate correlation between binge drinking and heart disease indicates that 
they are inversely correlated. This infers that the more one consumes alcohol, that it is 
less likely that they die from heart disease. Although drinking is known to have some 
beneficial properties for the heart, this correlation may not necessarily be accurate in 
terms of binge drinking. Income also has a positive correlation with lacking access to 
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healthcare. Those who have higher incomes are less likely to lack access to healthcare 
e.g. more likely to be able to see a health care provider when needed.  
 
 Although this table does not provide us with information regarding the two main 
variables of interest, it does provide us with insightful information. We are also able to 
see that ‘Smoking’ and ‘Deaths’ have a moderately positive correlation which would 
support previous research, as well.  
 
 In the following initial regression in Table 3, income is the only variable to have a 
p<.05 and a relatively low variance inflation factor. It is evident from this Table 3 that 
none of the race variables that were included have a significant p-value. Table 3 indicates 
the following for the race variables: Caucasian (b=-1.88; p=.756), Hispanic (b=-4.81; p= 
.426) Other (b=4.25= p=.586), African-American (b=-4.28; p=.508). The table also 
shows an R-squared value of .493 which addresses the fit of the model. 
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Table 3. First Multiple Regression with all Variables Included 
 
 
 
  
 Furthermore, Table 4 infers that race variables have the highest variance inflation 
factor which indicates that these variables create multicollinearity. The races have 
Variance inflation values of: White= 101.56, African-American= 55.20, Hispanic= 8.32, 
and Other= 6.15. Because of the results of the initial regression, the race variables were 
dropped. It is possible that there this data was erroneous or there were errors in collection 
methods of these with the data collected for these variables. For these reasons, we 
dropped race as a variable.  
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Table 4.- Variance Inflation Factor Values 
 
  
 The analysis was repeated omitting the race variables. The regression, displayed 
in Appendix 5 showed that both ‘Income’ (b=-.002; p=.00) and ‘Smoking’ (b=1.69; 
p=.04) were significant. Furthermore, the variance inflation factor was calculated for and 
showed that the age category 15-44 had the highest value of 3.97. This age category 
displayed on the regression had values of b=-2.09; p= .38.  
 
 The regression analysis was repeated omitting all race variables and ‘Age 15-44’. 
As indicated in Appendix 6, the results of this table show that ‘Smoking’(b=1.69; p=.03) 
and ‘Income’ (b=-.002; p=.00) are still the only variables that show significance. 
Multicollinearity was calculated for a third time and Income had the highest variance 
inflation factor, which was 2.55. In order to have all variance inflation factors below 2.0, 
Income was taken out as a variable and the regression was performed for a fourth time. 
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 In the fourth regression seen in Appendix 7, the following variables were omitted: 
Income, Age 15-44, and all Race variables. In this regression ‘Smoking’ (b=3.22; p=.00) 
and ‘Drinking’ (b=-2.72; p=.004) were significant. Because drinking has a negative 
coefficient, this implies that there is a negative correlation between heart disease deaths 
and binge drinking. Although alcohol consumption may be beneficial for the heart, 
research has shown that binge drinking has had negative effects on the heart. Because it 
seems unlikely that binge drinking would lower heart disease deaths, this variable was 
then omitted from the final regression. 
 
 The results from the multiple regression indicated that the main predictor variable 
of this study, access to healthcare services, does not have a significant relationship with 
all-cause heart disease deaths (b=.75; p=.32), so this analysis did not support the 
hypothesis of this study. The R-squared value in this table is also .316. Although there 
was no significance and we fail to reject the null hypothesis, there may be a relationship 
between access to healthcare services and heart disease mortality. However, the data used 
in this study does not indicate a strong or even moderate relationship between the main 
predictor and dependent variable. We are not able to conclude that access to healthcare 
services and heart disease mortality have a strong positive relationship from the analyses 
performed.  
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Table 5. Final Multiple Regression Race, Ages 15-44, Income, and Drinking Omitted 
 
 
 
Table 6.- Variance Inflation Factors Values 
 
  
 From this regression we are also able to conclude that obesity and heart disease 
mortality in Kentucky have a significant relationship. Previous research has also 
indicated that heart disease mortality has a strong positive relationship with obesity. The 
table indicates that for every 1% increase in county obesity rates in Kentucky, there is a 
1.32% increase in heart disease deaths per county on average throughout the state. The 
results also indicate a (b=1.32; p- value= .055) which allows us to fail reject the null 
hypothesis for obesity. However, this p-value is only slightly above a significant alpha-
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value of .05 and may be seen as significant for the purposes of this study. Although we 
fail to reject the null hypothesis, there is still a relationship present. 
 
 In this regression analysis that did not include income, the results indicate that for 
every 1% increase in smoking prevalence in Kentucky there are 3.06% more deaths per 
100,000 people. Smoking also seems to have the strongest relationship with heart disease 
mortality in this study, as previous research has indicated (p=.001). Lastly, the Age>60 
category shows significance through this table (b= 3.43; p=.01). These results imply 
which implies that for every 1% increase in the age category Age>60 in counties there is 
an increase of 3.43% heart disease deaths in Kentucky counties. 
  
Limitations 
 
 The following Kentucky counties were missing key data and could not be 
included in this study: Trimble, Gallatin, Hickman, Nicholas, and Spencer (due to a lack 
of data on obesity, access, and smoking). Fulton County was missing some data but was 
still included in some correlations because of the specific data that was available.  
  
 Furthermore, because this is an ecological study, there is not a great amount of 
variance in the averages of some of the variables from county-to-county, thus making it 
more difficult to analyze trends or correlations. If this study was done at an individual 
level, instead of average county data, the study would likely have more variance and 
possibly could have yielded more significant and meaningful results. If insurance status 
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had been included and individual data were collected, then it may have been possible to 
identify a strong positive relationship between access to healthcare services and heart 
disease mortality in Kentucky. 
  
 In addition, some of the variables in the extracted data were from longer time 
spans than this study intended to research. Some variables had a time span from 2010-
2014 which ultimately covered an older set of data than desired, but because there were 
no significant trends or changes in this population, it was still relevant and used for the 
purposes of this study.  
 
Discussion 
  
 The purpose of this project was to analyze the relationship between access to 
healthcare services, or lack thereof, and heart disease mortality in Kentucky from 2012-
2014. Descriptive statistics, bivariate analyses, and a series of multiple regressions were 
done to examine any factors that may contribute to heart disease mortality.  Although 
significance between the main variables of interest were not shown, there were several 
positive relationships that were shown. 
  
 The limitations in this study suggests a need for further research on the main 
variables of interest. Although there was no significance found in this study regarding the 
primary independent and dependent variables being analyzed, further research with more 
robust data may be able to prove significance between them. Because the data used in this 
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study was not specific to individuals and were averages of heart disease mortality, there 
should still be research done in the future that will be able to provide more conclusive 
results. The lack of variation from county to county and using county averages also 
makes it difficult to prove causality. Future researchers may need to survey individuals 
with all cause heart disease and identify the type of insurance that they had, if there was a 
usual source of care, and how comprehensive their services were. Information about the 
frequency of primary care visits as well as the diagnostics performed that could prevent 
or delay the onset of heart disease will need to be collected as well. 
 
 Health insurance coverage plays an important role in whether people are being 
diagnosed and treated for hypertension, however if potential state policies are 
implemented to allow individuals who are uninsured/underinsured to receive affordable 
preventative treatment, then providers may be able to drastically delay the onset or 
control the treatment for chronic hypertension in the United States. It is also important to 
mention that since the implementation of the Affordable Care Act, the number of insured 
individuals has drastically risen (Hayes et al., 2017). However, current government 
administration officials under President Donald Trump are planning to repeal the 
Affordable Care Act, roll back Medicaid, and cut funding to health insurance exchange 
programs (Kaplan et al., 2017). More sustainable methods of screening that do not 
involve insurance coverage could be implemented to serve populations who cannot afford 
health insurance coverage. 
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 Going forward, researchers may want to examine the medical history of 
uninsured, Medicare, and Medicaid covered populations that are in the chronic stages of 
cardiovascular disease. Medicaid patient populations are more likely to encounter 
difficulties accessing health care services and have worse health outcomes, compared to 
those who purchase private insurance plans (Paradise et al., 2013). Data on the uninsured 
and underinsured populations should be extracted. More specific than insurance status, 
researchers may want to include those who do not have a usual source of care as well. 
  
 It is also difficult to know if those who lacked access, lacked access for 
cardiovascular disease related reasons. Measuring access by the “need” to see a doctor 
can be a subjective topic. Future research must place more specific definitions on why 
these patients needed to see a doctor and were not able to, due to cost. An example of this 
would be to see the percentage of patients who had angina or other heart disease related 
issues and were not able to be seen for this issue. Furthermore, there should be a variable 
included for good quality healthcare services being delivered i.e. the right 
diagnostic/preventative services were performed to assess cardiovascular health. 
  
 Future researchers may also want to include the lifestyle factors that were proven 
to be significant here and also were proven to be significant through previous literature. 
Smoking, obesity, and hypertension were all proven to be important risk factors through 
previous research. Sociodemographic factors like income, education, age, and race may 
all play a role in the development of heart disease mortality.  
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 To expand on the ecological nature of this study, it may be interesting to examine 
access and all cause heart disease mortality in eastern Kentucky compared to more 
affluent regions of Kentucky. Although ecological studies typically provide less insight 
than other forms of statistical studies, they still can be an insightful tool in providing 
information regarding a particular population if the data collected is specific. Examining 
research with data collected from an individual standpoint would be more appropriate if 
striving to find more conclusive results on the true relationship between heart disease 
mortality and access to healthcare services in Kentucky. 
  
 In conclusion, access to healthcare services and heart disease mortality may still 
have a positive relationship, however the analyses performed in this study did not show 
conclusive results. Access and affordability to efficient medical care remains a barrier to 
many residents of Kentucky and the U.S. Furthermore, several covariates that were 
examined in this study were found to have a positive relationship with heart disease 
mortality. Examining county averages was a limitation for this study, but future 
researchers may examine insurance status of individuals with chronic cardiovascular 
disease along with other relevant covariates to analyze their true relationship. 
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Appendices 
 
A-1. Figure 2. Heart Disease Death rate per 100,000 vs. Median Household Income 
 
 
 
Heart Disease Mortality vs. Income 
 
 The graph shows a negative trend implying that as median average household 
income of a county increases, cases of heart disease deaths average by each county 
decrease from the years of 2010-2014. It is evident from this scatter plot that heart 
disease deaths and income are inversely correlated. It is important to note that the trend 
above shows a evident amount of variability between each county with R2  = .39.  
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A-2. Figure 3. Lack Access to Healthcare due to Cost vs. Median Household Income 
 
 
 
 
 
 
Access to Healthcare vs. Income  
 
 The graph above displays that as income increases, there are less people that have 
trouble seeing a health care practitioner when needed. It seems like those who have a 
lower average income have more trouble accessing a doctor when they need to than 
counties with wealthier individuals. This, in fact, makes sense since individuals who have 
less money may not be able to afford health care services when needed. 
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A-3. Figure 4. Heart Disease Death rate per 100,000 vs Prevalence of Smokers 
 
 
Heart Disease Mortality vs. Smoking 
  
 There is clearly a positive relationship that is displayed on the graph above. The 
R2-value is .18 which shows variation and it can be interpreted that there is a positive 
relationship between the two variables. Smoking has been known to be a strong indicator 
of heart disease mortality, so it is not surprising that there is a positive trend line on the 
graph above. 
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A-4. Figure 5. Histograms of those who Lack Access to Healthcare due to Cost 
 
 
 
 
Access to Healthcare 
 This histogram indicates the range of counties who lack access as a percentage for 
the state of Kentucky. It is evident from this histogram that many counties had anywhere 
from approximately 15-22% of its residents that believed they lacked access to 
healthcare. Many of the counties in Kentucky had more than 20% of its residents who 
lacked access to healthcare services when needed. Lee and Monroe counties had the 
highest percentage of those who lacked access to healthcare because of cost at 34% and 
35%. Lee county is located in eastern Kentucky where much of the area is rural and 
poverty is more prevalent than in other areas of the state. 
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A-5. Second Multiple Regression - Race Omitted  
 
 
Table 6.  
 
 
 
 
 
Table 7. 
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A-6. Third Multiple Regression- Race and Ages 15-14 Omitted 
 
Table 8. 
 
 
 
 
 
Table 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 45 
 
A-7. Fourth Multiple Regression- Race, Ages 15-44, and Income Omitted 
 
Table 10. 
 
 
 
Table 11. 
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